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ABSTRACT 

Micro emulsion method has been successfully employed to 
synthesise Polyoxometalate(POM) nano particles using CTAB as 
the cationic surfactant for producing reverse micelle suitable for 
the proposed title compounds. The synthesized nano poly 
oxometalates were characterised using Infrared spectroscopy, 
X-ray diffraction, and Scanning electron microsope techniques. 
The synthesized nano particles are employed for the activity 
against some microbes and found effective in many cases. The 
synthesized nano particle also are employed for their effect on 
textile effluent and found to be very good water softener and 
found good in phenolphthalein degradation 

Keywords: Nano polyoxometalate, microemulsion, anti microbial, 
effluent treatment. 



1. INTRODUCTION 

Synthesis of polyoxometalate has 
attracted much attention as they are widely 
used in many fields like catalysis 1 " 6 . There 
have been several investigations on 
polyoxometalates for their application as 
sensors and photovoltaic applications 7 . Also 
some quantum of research work is being 
done in the area of degradation of Industrial 



dye which is one of the most important 
environmental issue 8 . Polyoxometalates are 
also tested against some of the 
microorganisms for their antimicrobial 
activity 9 Some of the Polyoxometalates were 
also prepared in nano scale 10 " 15 . But very 
limited amount of work being carried out to 
synthesis nano polyoxometalate successfully. 
And very limited nano sized 
polyoxometalates are tried for new 



Journal of Chemistry and Chemical Sciences, Vol.4, Issue 1,31 January, 2014 (1-69) 



44 



A. Arokia Nepolean Raj, et ai, J. Chem. & Cheml. Sci. Vol.4 (1), 43-49 (2014) 



applications. Hense this work will try to test 
the ability of polyoxometalates on 
degradation of dyes present in textile 
effluent. 

2. EXPERIMENTAL 

2.1 Materials 

Ammonium molybdate, nickel 
sulphate, ammonium cupric sulphate, 
ammonium eerie sulphate, Manganese 
sulphate, vanadyl sulphate, Hydrogen 
peroxide, n-Hexane n-butanol and 
Cetyltrimethylammonium-bromide (CTAB) 
are purchased from E-Merk and are used 
without any further purification 

2.2. Analytical and Physical methods 

Molybdenum was estimated graviatri- 
cally as oxinates. Thorium and cerium were 
estimated gravimetrically as ThC>2 and CeC>2. 
Nickel was estimated gravimetrically as Ni- 
DMG comples. Vanadium, Manganese and 
Copper were estimated spectrophotometri- 
cally 16 . The amount of water content was 
found by Heating the sample at 120°C, until 
constant weight was obtained. IR spectra 
were recorded on BRUKER-ALPHA IR 
spectrophotometer using pellets of the 
materials diluted KBr. X-ray diffraction 
measurements were performed on a PAN 
analytical system Diffractometer (model 
DY-1656) using 2.2 KW Copper anode 
ceramic X- ray tube as source. The SEM 
image is recorded in JEOL Model JSM - 
6390LV equipped with EDS JEOL Model 
JED - 2300. 

2.3 Preparation of microemulsion 

The microemulsion system for the 
synthesis of nano polyoxomolybdates was 



prepared as follows: 2 ml of cold water is 
added to a mixture of 2 ml n-butanol and 9 
ml of n- hexane. The mixture is stirred for 
15 minutes and after the solution becomes 
clear 2g of CTAB is added and the stirring is 
continued. Using this microemulsion the 
synthesis was continued with the suitable 
reagents for the respective nano particle. 

2.4 Preparation of the complexes 

Complexes (II), (III) and (IV) were 
prepared by mixing a solution of ammonium 
eerie sulphate(0.2 mole dm 3 ) or ammonium 
cupric sulphate (0.2 mole dm" 3 ) to a boiling 
solution of ammonium molybdate (0.25 
mole dm ) with continuous stirring. To the 
resulting solution aqueous solution of nickel 
sulphate (0.2 mole dm" 3 ) or Manganese 
sulphate (0.2 mole dm" ) containing oxidant 
was added with stirring. The resulting 
solution was filtered, cooled and saturated 
with ammonium nitrate to salt out the 
complex. The resultant product was 
collected by centrifugation washed with 
alcohol and hot water for several times to 
remove the organic residue if any. Complex 
(I) was prepared by adapting a similar 
procedure used for the preparation of 
Complexes (II), (III) and (IV). However, no 
oxidant was added and vanadyl sulphate was 
used in the place of manganese sulphate. 

2.5 Effluent treatment experiments 

The synthesized Nanopolyoxomo- 
lybdate have been tested for textile effluent 
treatment. The effluent from textile industry 
in Tirupur was collected and its various 
parameters like hardness, concentration of 
the dyes like phenolphthalein and methyl 
orange, alkalinity and pH were measured by 
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testing the sample in Cleanchem, Salem. The beaker and stirred well for 5 hours and 

efficacy of the synthesized complex was again the impacts it produced on the various 

tested by adding lg of synthesized parameters of the effluent are measured, 
compound with 50 ml of effluent taken in a 
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Figure 1: The IR spectrums of the complexes: a. (CTA) 4 [v' v ThMo 12 0 42 ]8H 2 0 b. (CTA) 4 [Ni 
CeMo 12 0 42 ]8H 2 0, c. (CTA) 4 [Mn IV CeMo 12 0 42 ]8H 2 0, d. (CTA) 4 [Ni IV CuMo 12 0 42 ]8H 2 0 
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Table 1: IR Spectral data of the complexes 



(CTA) 4 [v IV ThMo 12 0 
42 ]8H 2 0 
(I) 


(CTA) 4 [Ni lv CeM 0l 

2O42] 
8H 2 0 


(CTA) 4 [Mn lv 
CeMo 12 0 42 ] 
8H z O 


(CTA) 4 [Ni lv 
CuMo 12 0 42 ]8 
H 2 0 


Tentative 
assignments 


(II) 


(HI) 


(IV) 




913.66 cm -1 


911.59 


912.67 


912.87 


V Mo - Otl 


854.74 cm -1 


853.49 


854.33 


855.09 


V Mo - Ot2 


765.36 


766.35 


762.91 


764.06 


V Mo-Ob 


666.26 cm" 1 


727.29 
663.10 


726.58 
665.90 


728.43 
662.32 


V Mo-O-X 

(X = Th, Ni, Mn) 


2850.41 


2850.78 


2850.59 


2850.90 


vC-H 


29 18. 96cm" 1 


2918.35 


2918.21 


2917.90 





Table 2. Various Parameters of the effluent before and after adding the nano sized 
polyoxometalates 



Complex 


Parameters 


Before adding the sample 


After adding the sample 


> 9 

" - n 

< S W 
H | °° 

U H 


pH 


9.2 


8.3 


Phenalpthalin 


150 ppm 


10 ppm 


Metholorange 


1950 ppm 


1900 ppm 


Total Alkalinity 


2100 ppm 


1910 ppm 


Total Hardness 


130 ppm 


Nil 


^ 0 x 

$ is 

u u « 


pH 


9.2 


7.5 


Phenalpthalin 


150 ppm 


Nil 


Metholorange 


1950 ppm 


1900 ppm 


Total Alkalinity 


2100 ppm 


1900 ppm 


Total Hardness 


130 ppm 


Nil 


B> u 


pH 


9.2 


7.5 


Phenalpthalin 


150 ppm 


Nil 


Metholorange 


1950 ppm 


1800 ppm 


Total Alkalinity 


2100 ppm 


1800 ppm 


Total Hardness 


130 ppm 


Nil 


> ^ 
0 0 a 

B u 


pH 


9.2 


7.5 


Phenalpthalin 


150 ppm 


Nil 


Metholorange 


1950 ppm 


1900 ppm 


Total Alkalinity 


2100 ppm 


1900 ppm 


Total Hardness 


130 ppm 


Nil 



3. RESULTS AND DISCUSSION structure of which has been well 

3 1 IR St d' established 17 . The band frequencies and 

u 1 tentative assignments are given in table 1. IR 

IR spectra of the complexes (I), (II), spectroscopy is one of the promising 

(III), and (IV) are given in figure 1. The technique to study the changes in the 
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structure of heteropolyanions . The 
synthesized heteropolyanions give six 
featured peaks in the wave region of 550- 
1630 cm" . These peaks indicate the 
formation of Dexter type structure. The 
prepared nanomaterial exhibited the 
characteristic bands for organic CTAB. The 
stretching vibrations of C-H groups of CTA + 
cations are observed at 2850-2918 cm" . The 
stretching vibrations observed at bands 3036 
cm 1 and 3420 cm 1 were assigned for water 
molecules. These values can be seen in the 
IR spectra of the compound (figure 1). 

3.2 XRD analysis 

XRD patterns of the complexes (I), 
(II), (III), and (IV) are given in (figure 
2). The particle size of the synthesized nano 
particles were analysed using Debye 
Scherrer equation (D=KX/pcos0), and found 
that the particles are in nanoscale around 
20nm. It also evident that the size 
distribution of the nano particles are not 
uniform. 

3.3 Effluent studies 

The water analysis report of the 
complexes (I), (II), (III), and (IV) before and 
after adding the complexes are given in 
(table 2). The results show that there is 
significant decrease in the various 
parameters of the effluent sample. The pH of 
the effluent is reduced from 9.2 to 7.5 which 
is a good sign of effluent treatment since it is 
close to neutral. The phenolphthalein has 
been completely decomposed which shows 
that the compound has successfully 
degraded phenolphthalein and has little 
effect on the decomposition of methyl 
orange. On the alkalinity the compound had 



considerable effect by reducing it from 2100 
ppm to 1 800 ppm. The hardness of the water 
is completely vanished which is very good 
result as for as the effluent treatment is 
concerned. Therefore the compound served 
as very good water softner. 

4. CONCLUSION 

Four nano sized, polyoxomolybdates 
have been successfully synthesized in nano 
scale using micro emulsion method using 
CTAB as surfactant which was found 
suitable for nano polyoxometalates. The 
synthesized poyoxomolybdates were 
characterized by IR spectroscopy and the 
particles size was analysed by XRD using 
Sheerer formula. The nano size and 
morphology was examined by SEM images. 
The complexes were successfully employed 
in the treatment of effluent of the textile 
industry for the degradation of dyes like 
phenolphthalein, methyl orange and used as 
a water softner. The application of the 
compound in the textile effluent treatment is 
noteworthy. It can be witnessed from the 
changes it brought in the various parameters 
like changes in the pH, decomposition of the 
dyes like methyl orange and phenolpthalein. 
The hardness of the water completely went 
nil which explains that the compound can be 
used as a water softner. There also 
significant changes it produces in the total 
alkalinity. 

Hence the compounds of this nature 
can be used as an efficient tool for the 
industrial effluent treatment which poses 
major threat in polluting the water. Since the 
area under research possesses various 
applications, the scope of it is vast so that 
further studies in this area of study will be 
fruitful for both science and to the society. 
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